Summary
Background: Bernard-Soulier syndrome (BSS) is a severe congenital bleeding disorder characterized by thrombocytopenia, thrombocytopathy and decreased platelet adhesion. BSS results from genetic alterations of the glycoprotein (GP) Ib/IX/V complex. Methods: We report on a patient demonstrating typical BSS phenotype (thrombocytopenia with giant platelets, bleeding symptoms). However, BSS was not diagnosed until he reached the age of 39 years. Results: Flow cytometry of the patient's platelets revealed absence of GPIb/IX/V receptor surface expression. In addition, immunofluorescence analysis of patient's platelets demonstrated very faint staining of GPIX. A novel homozygous deletion comprising 11 nucleotides starting at position 1644 of the GPIX gene was identified using molecular genetic analysis. Conclusions: The novel 11-nucleotide deletion (g.1644_1654del11) was identified as causing the bleeding disorder in the BSS patient. This homozygous deletion includes the last 4 nucleotides of the Kozak sequence as well as the start codon and the following 4 nucleotides of the coding sequence. The Kozak sequence is a region indispensable for the initiation of the protein translation process, thus preventing synthesis of functional GPIX protein in the case of deletion.
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Introduction
The basic diagnostic criteria for Bernard-Soulier syndrome (BSS) are thrombocytopenia with giant platelets, decreased von Willebrand factor(VWF)-dependent platelet adhesion to the subendothelium, and autosomal recessive inheritance. BSS has an estimated prevalence of one in a million live births. Hallmark of the disease is an aberrant platelet attachment to the vessel wall due to quantitative or qualitative defects of the glycoprotein (GP) Ib/IX/V complex [1] . Physiologically, VWF and its platelet surface receptor GPIb/IX/V play a critical role in hemostasis by initiating thrombus formation and arrest of platelets at the site of vascular injury [2] . Clinically, BSS typically presents with epistaxis, petechiae, or gingival bleeding in infancy. The onset of the disease can vary. Later symptoms usually include menorrhagia, gastrointestinal or genitourinary bleeding. Trauma or surgical procedures especially in mucosal regions may also lead to excessive bleeding. The severity of bleeding symptoms varies substantially among patients [3] . Bleeding time may range from borderline normal up to significantly prolonged. Platelet counts can be within normal limits or severely decreased [4] . Laboratory hallmark are giant platelets, impaired platelet agglutination after stimulation with ristocetin, and normal platelet aggregation with other agonists. GPIb/IX/V surface expression can be decreased or absent, or the function of GPIb/IX/V can be reduced [5, 6] .
The products of 4 distinct genes (GPIbα, GPIbβ, GPIX, GPV) assemble within the maturing megakaryocytes to form the GPIb/IX/V complex in a 2:2:2:1 stochiometry as present in the platelet membrane [1, 7, 8] . GPIbα, GPIbβ and GPIX are closely associated and are all required for efficient biosynthesis of the platelet receptor. Mutations within GPIbα, GPIbβ and GPIX mostly prevent constitution and/or trafficking of the complex through the Golgi apparatus and endoplasmic reticulum [1] . GPV is more loosely associated with the complex, and no case of BSS has been reported with a genetic defect in the GPV gene [9] . So far, about 50 genetic causes for BSS have been described mostly affecting GPIbα. However, most European patients are affected by mutations in GPIX (table  1) . Interestingly, GPIX gene defects are mainly missense mutations leading to single amino acid substitutions. Only one 9-nucleotide deletion in GPIX was described leading to an amino acid substitution (D86A) followed by the deletion of amino acids 87-89 [10] . Here, we report on a patient with a novel homozygous 11-nucleotide deletion within exon 3 of GPIX which is associated with a severe BSS phenotype.
Patients, Material and Methods

Patient
The male patient suffered from recurrent epistaxis, easy bruising, and non-classified severe thrombocytopenia (< 20,000/μl) since infancy. Before tooth extractions and in case of severe bleeding he had received Immunofluorescence Analysis The patient's platelets showed very weak immunofluorescence staining with a GPIX antibody (indicating GPIX protein deficiency). Expression of the GPIIb/IIIa complex was normal. Aberrant accumulation of non-muscle myosin heavy chain (MYH9) in white blood cells, which is typical for MYH-9 disorders (May-Hegglin anomaly or Sebastian platelet syndrome), was not detected.
Sequencing Analysis
A novel homozygous 11-nucleotide deletion (TCCCAT-GCCTG) starting at position 1644 in exon 3 of the GPIX gene (g.1644_1654del11) was identified in the patient's DNA ( fig. 2 ). Sequencing results of the GPIbα and GPIbβ genes showed no difference compared to the public data base sequences. This genetic defect of GPIX leads to a deletion of the last 4 nucleotides of the Kozak sequence, the start codon, and the following 4 nucleotides of the coding sequence.
Discussion
In this study, we report on a novel genetic alteration of the GPIX gene (g.1644_1654del11) in a patient with a typical clinical phenotype of Bernard-Soulier syndrome (BSS). The patient suffered from recurrent epistaxis since infancy. Because of severe gastrointestinal bleeding requiring blood transfusions, a Billroth-I resection was performed. Evaluation of the peripheral blood smear revealed giant platelets. As other inherited platelet disorders such as MYH-9 disorders (e.g. May-Hegglin anomaly and Sebastian syndrome) also show giant platelets, these diseases were ruled out because the patient's white blood cells did not show inclusion bodies in the blood smear. Using flow cytometry, no surface expression of all 3 subunits of the GPIb/IX/V complex (GPIbα, GPIbβ and GPIX) was measurable on the patient's platelets. In addition, platelet immunofluorescence staining revealed a markedly decreased GPIX protein level indicating a GPIX gene defect. The four subunits assembling to the GPIb/IX/V complex belong to the leucine-rich family of proteins and are exclusively expressed in platelets [9] . Lack of a single subunit
Flow Cytometry Analyses
Flow cytometry analyses were performed using the ADIAflo™ PLATE-LET GPIb/IX/V Kit (American Diagnostica GmbH, Pfungstadt, Germany) according to the manufacturer's recommendations. Platelet surface exposure of GPIbα (CD42b), GPIX (CD42a), and GPV (CD42d) was measured at the resting state using monoclonal antibodies (CD42b clone SZ2; CD42a clone SZ1; CD42d clone SW16).
Immunofluorescence Microscopy
Platelet immunofluorescence analysis with monoclonal antibodies against GPIX (CD42a), GPIIb/IIIa, GPIa, and non-muscle myosin IIa was performed as described before [11, 12] .
Isolation and Amplification of Genomic DNA
Genomic DNA was isolated from EDTA blood using the DNA Kit from Qiagen (Qiagen GmbH, Hilden, Germany). All exons of the genes encoding GPIbα, GPIbβ and GPIX were amplified by polymerase chain reaction using intronic primers. The amplification was carried out under conditions described previously [13] . Purified DNA fragments were directly sequenced. The oligonucleotides used to amplify a 353-bp fragment encompassing exon 2 and 3 of the GPIX gene (accession no. M80478) were 5'-TTTCCCAGAGGAGAAGGCTG-3' (forward) and 5'-ACG-GACTGAAGGCTGTTGTTG-3' (reverse).
Results
Blood
The platelet count revealed severe thrombocytopenia with 8,000-21,000 platelets/μl, and the mean platelet volume was determined as > 12 fl. The blood smear demonstrated giant platelets. Platelet aggregometry was not possible because of the severe thrombocytopenia.
Analyses of the Platelet GPIb/IX/V Receptor and von Willebrand Factor
In contrast to a healthy platelet donor, there was no surface expression of GPIb/IX/V measurable on the patient's platelets (table 2) . The mean fluorescence intensity (MFI) measured with CD42a, CD42b and CD42d of the 2 daughters' platelets was slightly decreased compared to the healthy control. Platelet count and receptor counts per platelet were within the normal range. Von Willebrand syndrome was ruled out in the patient (normal values for VWF antigen, collagenbinding capacity, VWF multimeric analysis, and factor VIII activity). however, this site varies on different mRNAs in vivo (e.g. GPIX mRNA: tgtCccAUGC). Some nucleotides in this sequence are more important than others: the 'AUG' is essential since it is the actual initiation codon encoding a methionine amino acid at the N-terminus of the protein. For a 'strong' consensus, the nucleotides at positions +4 (i.e. G in the consensus) and -3 (i.e. either A or G in the consensus) must both match the consensus. An 'adequate' consensus has only 1 of these sites, while a 'weak' consensus has neither. The cc at positions -1 and -2 are not conserved but contribute to the overall strength [15] . Investigating the literature for Kozak sequence mutations/ deletions revealed a -1C>T mutation in the α-tocopherol transfer protein (α-TTP) gene causing a decreased level of α-TTP expression in a patient with ataxia with vitamin E deficiency [16] . In highly aggressive sporadic breast cancer, a G>C mutation in BRCA1 at position -3 was identified [17] . Here, the translation efficiency was markedly reduced. Afshar-Kharghan et al. [18] described a Kozak sequence polymorphism in GPIbα, which is based on the presence of either thymine or cytosine at position -5. The less common allele, -5C, is associated with a more efficient translation of GPIbα mRNA leading to increased expression of the GPIb/IX/V receptor on the cell membrane [19] .
(GPIbα, GPIbβ, or GPIX) dramatically decreases surface expression of the whole complex. While most mutations were identified in the GPIbα gene, several mutations affecting the GPIX peptide have also been described in BSS patients. Almost all GPIX gene defects represent single nucleotide mutations within the coding sequence. Only 1 case with a 9-nucleotide deletion in the coding region of GPIX has been described [10] . This in-frame deletion resulted in the substitution of amino acid 86 (D86A) and deletion of amino acids 87-89. This female BSS patient was first investigated at the age of 6 years when she presented iron-deficiency anemia following recurrent epistaxis. She demonstrated prolonged bleeding from cuts and spontaneous bruising since early childhood. Laboratory tests showed low hemoglobin and ferritin levels, decreased platelet count, and giant platelets.
In the Caucasian patient described in this study, a novel 11-nucleotide deletion located at the junction of the 5'UTR (untranslated region) and the coding sequence of GPIX was identified. The start codon (methionine), the first 4 nucleotides of the coding sequence, and the last 4 nucleotides of the Kozak sequence are affected. The Kozak consensus sequence occurs on eukaryotic mRNA and is recognized by the ribosome as the translational start site [14] . The perfect Kozak sequence consists of gccRccAUGG with AUG as start codon, Sandrock/Knöfler/Greinacher/Fürll/Gerisch/ Schuler/Gehrisch/Busse/Zieger sis of patient's platelets revealed GPIX deficiency by using a GPIX antibody. Within the N-terminal part of GPIX, two different single amino acid substitutions were described causing BSS, one in the signal peptide [21] and one at amino acid 8 [22] , both leading to the absence of the GPIb/IX/V complex at the platelet surface. We conclude that the GPIX deletion in the described patient prevents proper formation of the GPIb/ IX/V complex. In conclusion, the identified 11-nucleotide deletion in the GPIX gene was identified as causative for the clinical picture of BSS. Interestingly, the patient was not diagnosed until he had reached the age of 39 years although bleeding symptoms such as recurrent epistaxis were present since infancy. Therefore, patients with recurrent mucocutaneous bleeding symptoms should be especially investigated for disorders of primary hemostasis.
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In the lamin AC (LMNA) gene, a 2-exon deletion causing a distinct highly malignant cardiomyopathy was identified [20] . This deletion affects the start codon-containing exon and an adjacent non-coding exon leading to decreased expression of lamin A and C. In addition, they postulate new potential translation initiation sites resulting in smaller proteins lacking the N-terminal region.
In this study, we identified a deletion within exon 3 of GPIX, including the start codon and the Kozak sequence, which has not been described before. As the Kozak sequence together with the start codon is indispensable for initiating the protein translation process, we postulate that the deletion of this region in GPIX severely affects GPIX protein synthesis. By scanning the GPIX amino acid sequence, we found one additional methionine at position 32. This codon may constitute a new potential translation initiation site demonstrating a strong Kozak consensus (gaaAccAUGG). In this case, GPIX protein synthesis of a N-terminal truncated GPIX protein lacking the signal peptide (aa 1-16) and the first 15 amino acids of the extracellular domain (aa 17-147) will occur. Because the signal peptide is essential for the translation of transmembrane/extracellular proteins, its absence will prevent protein translocation to the cell membrane, which may lead to degradation. Accordingly, immunofluorescence analy-
